








Follow this and additional works at: https://preserve.lehigh.edu/etd
Part of the Chemical Engineering Commons
This Thesis is brought to you for free and open access by Lehigh Preserve. It has been accepted for inclusion in Theses and Dissertations by an
authorized administrator of Lehigh Preserve. For more information, please contact preserve@lehigh.edu.
Recommended Citation




[WW Pil'TjRN OPTIMIZATION STUDY 
OF SUIFUR RECOVERY PLlNT 
by 
Ronald Dennis Istivan 
A THESIS 
Presented to the Graduate Comittee 
of Lehigh University 
in Candidacy for the Degree or 
Master or Science 
in 




This thesis is accepted and approved 1n partial fulfillment 
or the requiranents tor the degree of Master ot Science. 
{date) 
Professor in Charge 
Chairman ot the Depart.ment 
iii 
At this t1m I would like to express my sincere apprecia-
tion to the Foster Wheeler Corporation and its personnel who have 
made this project such a succeS1. This project was under the auspices 
of the Foster Wheeler Corporation located in Livingston, New Jersey 
in conjunction with uthigh University. The project involved the 
determination of the optimum flow pattern in the recovery of sulfur 
from a hydrogen sulfide gas. Foster Wheeler supplied the personnel, 
computer program and time, and money to reach such a decision without 
which this undertaking would have been impossible. 
I would also like to extend my personal gratitude to 
Mr. Del Bress and Mr. William A. Devin m or the Process Plants 
Division who were my immediate supervisors in this expedition. These 
gentlemen supplied the necessary experience in this project and 
without whose understanding and guidance the undertaking would have 
been impossible. Also I would like to extend my thanks to illce and 
Rosemary and the secretaries of the Process Plants Division who added 
that something extra to make a work day enjoyable. 
I extend my sincere thanks to Mr. Eitner of the Personnel 
Department whose initiative succeeded in formulating this successful 
Cooperative Program. with Foster Wheeler and Lehigh University. 
I would 11ke to thank 'lflY' thesis advisor, Dr. Alan s. Foust, 
tor his guidance and understanding without whose help this project 
iv 
would not have materialized and 1n giving me that personal experience 
and satisfaction that we all desire. 
F1nally I would like to thank Miss Grace E. Mann tor her 
comments and suggestions 1n the typing of this manuscript. 
V 
TABLE OF CONTENTS 
' 1,: 
' ~ k 
~ 
I AB3TRACT 1 
I. SCOPE AND OBJECTIVES OF STUDY 4 
II. DESCRIPTION OF FLOW PROCF.SS~ 8 
A. General Nature of Processes 9 
B. Details of Specific Processes 11 
c. Limiting of Variables 15 
m. FOSTER WHEEIER SUIFUR RECOVERY COMPUTER 
PROGRAM 23 
A. Background 24 
B. Scope 25 
c. Limitations 26 
IV. LISTING OF COMPUTER DATA AND TRliIS 28 
A, General Listing of Computer Data Trials 29 
B, Specific Listing of Computer Data 31 
v. TABULATED RESULTS AND CONCWSIONS OF 
FLOW PATTERN OPTIMI?ATIOO 34 
A, Conclusions of the Hot Bypass Gas Case 36 
I' 
I 
B. Results and Conclusions on Comparison :) 
)l 
of Four Flow Processes 44 t 
t 
' !' 45 ,' 1. Tables of Comparative Data :;~ I' I 
2. Conclusions 52 














%ml Qf ~ONTBN:J! - ~ot~ma~ 
!X:ONOMIC IVWJA.TION OF '1W VERSUS THREE 
CONVDTIR SISTBM 
A. Background and Summary 
B. Coat Eetimation for Two ConTerter 
Su1rur ReOOT81'Y' Plant 
c. Coat Eatiaation for Three Converter 
Sulfur Recovery System 
D. Coat and Profit Summary tor Sulfur 
ReOOTery Plants 
AmmDICES 
A. Tabolated Computer Data 
B. Ex.ample or Computer Printout 

















J.JST OF FIGQRR 
Fig, No, f!!! 
1. Hot Bypaes Gas Caee with Tvo Converters 19 
2. Heat kahmge Case with Two ConvertfJrs 20 
3. H1xed Case - Hot Bypass Ge.a and Heat 
Exchange 21 
4. Reheat Barner Case with Two ConTerters 22 
5. Hot GI.a Bypass Temperature Versus 
Overall Yield 4-0 
6. Conversion of ¥ Versus Stream mi Dew 
Point Temperature in First Converter or 
Three-Converter System 42 
7. Conversion of ¥ versus Stream and Dev 
Point Tmperaturea in Second Converter 
of Three-Converter System 4J 
8. Percent Theoretical Air Versus Overall 
Yield - 95 Percent Feed Gas 57 
9. Percent Theoretical Air Versus Overall 
I• Yield - 60 Percent Feed G&s '·~. 58 
10. Boonomic Evaluation -- Hot Bypass Gas 
Case 68 
n. Payout Time or Sulfur Plant Versus 
Price of Recovered Sulfur 78 
12. Annual Net Profit Versus Price o! Re-
covered Sulf'ur 79 
13. Profit Par Ton Versus Selllng Cost 80 
viii 
UST o, TABLA 
Tabl.f No, E!!! 
I. fflect or Varying Final Condenser Tanpera-
ture and reed Composition on Overall Sultur 
Product neld 37 
n. Initial Set of Fixed Variables 45 
m. Varying Final Condenser Temperature and 
Number of Corrrerters 46 
IV. Varying P'ina1 Condenser Temperature and 
Number of Converters vith Feed Change 47 
v. Under Supp~g of Theoretical ilr Re-
quirement 
VI. Over Supplying of Theoretical ilr Re-
quireaent 49 
m. Under Supplying of Theoretical ilr 
Requirement vith Variation on P'eed 50 
vm. Over Supplying of Theoretical ilr Re-
quirement with Variation on reed 51 
n. Fixed Capital Costs 69 
f, 






i'\: ti XI. Cost or Production 73 




------------- - . --~ 
-1 
Four patterns have been investigated which are or the 
Clan8 type sulfur recovery plant. The Claus process is the producing 
or sul!ur by burning hydrogen sulfide am oxygen in a ratio of two-
to-one and then burning these gases in a catalyst converter in order 
to recover additional sulfur. The Foster Wheeler Corporation 
supplied its computer program which was used as a basis or this 
study. This program has an accuracy of about 21, when compared to an 
actual sulfur recovery plant. The rour cases studied were as follows 1 
(1) the hot bypass gas case 
(2) the reheat burner case 
('.3) the heat exchange case 
(4) the mixed case. 
Theoretically the heat exchange case gave the best results 
in terms of recovery of sulfur from an H2S acid gas feed. The per-
cent recovery was approrlm.ately 9~ for a two converter system at 
steady state conditions with a 95i H2S acid gas feed. This now 
process in terms of recovery of sulfur was followed by the mixed 
case, the reheat burner case, and the hot bypass gas case. The dif-
ference in yield or sulfur product between the heat exchange case 
and the hot bypass gas case was about three-fourths of one percent. 
The e.t'fect or varying final condenser temperature from 
375"p to 300°F was about~ on the overall yield of sulfur product. 
Thia result was predicted for the hot bypass gas case, but can be 
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readily extended to the other three cases. The temperature of the hot 
bypass gases used to reheat the main process stream gases prior to 
their entering a converter was an optimum value of 1200°F. 
The amo\ll'lt of air which was fed to a system was varied. '!be 
range was from 95 to 105i of the theoretics.lair requirement of the 
system, The heat exchange case still gave the highest yields in sulfur 
product. It also showed the greatest changes in yields. After a 5i 
decrease of thl 1heoretical air requirement to the systems was made 
all cases converged to yield the same amount of sulfur product. 
Also an economic evaluation was performed on a two converter 
and a three converter sulfur plant. This study was carried out to 
discover if a three converter plant could compete with a two converter 
plant, economically spealdng. The basis of the study was a 100 ton a 
day sulfur recovery plant. Both plants being fed identical H2S acid gas 
feeds. Using this basis the three converter plant was determined to be 
less economical than the two converter plant, even though the three con-
verter plant yielded a greater amount of sulfur product. The decision 
was reached on the basis that the payout time for extra pieces of 
equipment was too long, 
After all things were considered the two convarter mixed 
case will probably yield the best results in an actual sulfur recovery 
plant, Theoretically, the overall yields are almost as high as in 
the heat exchange case, Practically speaking, the plant is fairly 
easy "to start up", In "turn down" situations the plant has enough 
flexibility of control, F,quipment wise, it does have the disadvan-
-3 
tage or a slightly larger air bl.over and the additional heat ex-
changer, however the higher yield in sulfur product should offset 
any of the above disadvantages, 
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I. SCOPE AND OBJl(TIVBS 
This thesis is primarily concerned vi th determining the 
best process flow pattern for recovering liquid su1tur from a hydrogen 
sulfide acid gas feed. The basic tool used int.his study was a com-
puter program supplied by the Foster Wheeler Corporation. Foster 
Wheeler has a good backgrotmd in sul.f'ur recovery plants since it has 
designed and built them. After limiting the nllJl!ber and range of 
variables for the flow processes, 1 t was decided to study four flow 
schemes used in sulfur recovery plants. 
This work was carried out imder the auspices of the Foster 
Wheeler Corporation located 1n Livingston, New Jersey. ?tr immediate 
supervisors 1n this project were Mr. Del .Bress and Mr. William 
Devin, m. of the Process Plants Division. When the term "experience" 
is used, it is my interpretation of information expressed by the above 
two gentJ.emen and my analysis or various confidential literature of 
the Foster Wheeler Corporation. Therefore, any reproduction in any 
form of this report is strictly forbidden imless written permission 
is granted by the Foster Wheeler Corporation. 
The data contained 1n this study has been obtained from 
PCP-33, a computer program, which Foster Wheeler employs in its de-
sign of conmercial sul.tur recovery plants. The accuracy of this 
program is good vhen compared to actual operating sulfur 
recovery plant data. For example, theoretically the amount of sulfur 
recovered should be 961, but under a typical operating situation only 
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94',C or the sal.tur mq be recOTered. The data contained in the Foster 
Wheeler computer program is based upon operating plants and the litera-
ture sources obtainable in 1965. 
More needs to be discussed about what is meant by the 
phrase "best process flow pattern". This encompasses primarily two 
areas: (1) efficiency of the plant process and (2) practical design 
considerations. The OTerall efficiency of the plant process is simply 
the percentage of liquid sulfur recovered from the total quantity 
of sul.tur contained in the hydrogen sulfide feed gas. The term 
practical design considerations is somewhat vague and is dependent 
upon many things. Some of these are customer specifications, ease of 
start-up, pollution problems, materials of construction, economic 
considerations, operating conditions, etc. 
After taking into account many of the practical design con-
siderations, the problem of determining the best flow pattern was re-
duced to a manageable level. The problem was narrowed by the limit-
ing and f1xing of variables in the particular case being studied and 
the range over which these variables were varied. Some variables 
fixed were as followss initial condenser temperatures, hot bypass 
gas temperatures, condenser entrainment, pressures, etc. 
As pointed out, the scope of this thesis by no means can 
cover all the variations in flow patterns or sulfur recovery plants. 
However, based upon the design experience or Foster Wheeler and its 
previous customer requirements, tour major types ot sulrur recovery 




conditions ot temperature, acid gas feed compositions, theoretical 
air feeds, etc. The flow patterns studied for the two and three con-
verter systems are as followss 
(1) reheat burner case 
(2) hot bypass gas case 
( J) heat exchange oase 
( 4) mixed case. 
The mixed case employs a hot gas bypass line to the first converter 
and a heat exchanger to the other converters. The four systems will 
be compared on the same basis and a conclusion will be reached as to 
what is considered the best system. Al.so contained in this thesis 
is an indepth study of the hot bypass gas case. Time considerations 
did not permit as detailed a study for the other three eases. How-
ever, enough material was aoeUlllUlated on the other three eases to 
permit a good comparison of the four cases and to reach practical and 
theoretical conclusions on their overall performances. 
In addition to studying which is the best flow pattern to 
use in the design of a sulfur plant, this, report includes an economic 
evaluation of a two converter versus a three converter sulfur recovery 
plant. The feed stream fed to both plants was the same and the amount 
of sulfur produc,ed was kept at approximately 100 tons/day. In the 
economic evaluation an effort was made to determine whether a three 
converter sulfur recover,y plant could be constructed and operated as 
profitably as a two converter plant. 
I. 
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II • DESCRIPTION OP' FLOW PROCESS 
A. General Nature of ProceH 
The four now patterns which have been investigated are all 
variations of a Claus type sulfur recovery plant. "The Claus process 
is based on producing elemental sulfur by burning hydrogen sulfide 
under precisely controlled conditions to achieve an H2s/so2 ratio of 
2 to 1 in products of combustion, and subsequently reacting these 
gases in the presence of a suitable catalyst to recover an additional 
amotmt of sulfur." (1) The initial reaction which takes place in 
the reactor furnace as shown in Figure 1 is the oxidation of a typical 
H2S acid gas with air and the reactions are as followss 
(1) H2S + 3/202 > H20 + so2 
(2) H2S + 3/202 S02 + H20 
(J) CH4 + 202 CO2 + 2H20 
(4) 82S + l/2S02 J/4S2 + H20 
Although one may compute the amotmt of conversion of H2S 
which takes place using equilibrium data, heats of reaction, and 
enthalpy data ae in Gamson and Elkins (2) and K. K. Kelley (J) 
articles on furnace conversions, one would find that his calculations 
would be 1~ too high for a 9~ H2S in feed gas composition and 2°' 
too high tor a ~ ¥ in feed gas composition, This is based 
upon experimental data of furnaces for HiS oxidation obtained at 
.• 
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various plants throughout the country (4). otherwise most of the de-
sign principles••applied to the reactor, converters, and condensers 
in the Gaml!IOJl and El.kins article (2) were purported to be incorpor-
ated into PCP-3.'.3 which is the Foster Wheeler computer program used in 
obtaining the data in this thesis. 
As shown in Figure 1 moat, if not all, of the gas is then 
passed into a condenser so as to liquefy the gaseous sulfur product 
which has been formed in the furnace. The gas is then cooled to 
about )OO°F and is reheated in some manner to about 400°F before 
going into the converter. 'Ibis is done so that the reaction will 
take place above the sulfur dew point, for if liquid sulfur were 
allowed to be formed, it would destroy the effectiveness of the 
catalyst. 
The reaction taking place 1n the bauxite catalytic converter is a 
gaseous reaction and is as follows: 
*denotes either s2, S6, s8 or possibly S4. These gases are 
then cooled again to about J00°P' and liquid sill.fur is 
formed. 
Therefore, the two major reactions taking place are: 
Combuption Furnace. 
(1) 11is + 3/202 
( integral w1 th Waste Heat Boiler) 
> ~O + so2 





S + S02 2H20 + 3/eSe • 
(6) 
H = 2l - 35 K cal 
Overall Combl11tion Single Reactor 
3HiJ + 3/202--- 311io + 3/.se• 
H = 14.5-173 K cal 
' 
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"Thus only about one fifth of the total heat of reaction is 
evolved in the catalytic converter so that the operating temptTature 
can be maintained at sufficienily low levels with greaily increased 
space velocities." (2) 
B. Details of Specific Processes 
There are four types or now patterns which have been in-
vestigated in terms of optimization for high sulfur recovery •. To 
•• repeat, they are as followss 
(1) hot gas bypass, 
(2) reheat burner case, 
(3) heat exchange case, and 
( 4) the mixed case of a hot bypass gas to converter 1 
and heat exchange reheat for the other converter(s). 
Figures l through 4 show these four processes and give typical 
operating conditions, The hot gas bypass case vill now be described 
in IOJll9 detail and the change• will be noted in the other flow 
patterns when compared to the. :hot bypass gas case. 
-.;-e; paie-10,- - - - - - - - - - - - - - - - -
••see pages 6 and 7, 
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Referring to Figure 1, initially ~S acid gas is mixed with 
air which is compressed by use or an air bl.over in a ratio or H2s/o2 
of 2:1, since the overall reaction as stated previously is: 
After the air and H~ acid gases are burned in the reactor 
furnace, the gaseous product produced reaches a temperature of 
0 approximately 2,00 F. These hot gaseous products are then passed 
through the waste heat boiler and the heat released is used to pro-
duce a high pressure steam of approximately 400 psig for use in 
another part of the process or plant. Prior to the last pass of the 
waste heat boiler some gas at 1200°F is withdrawn for reheating the 
main process gases prior to entering the converters. A hot gas by-
o pass is usually tapped at 1200 F because the overall efficiency of 
the process is about at a maximum in terms of HzS recovery, At 
higher temperatures the more cosily is the mechanical design, whereas 
the lower temperatures require more hot bypass gas and therefore less 
process gas goes through the first converter which results in poorer 
yields. In addition, at lower temperatures larger pipes are needed 
to carry the hot bypass gas. However, most of the combustion gases 
leaving the waste heat boiler leave at about 800°F and enter the 
first condenser. These combustion gases contain different forms of 
gaseous sulfur such as s2, s6, s8 species of sulfur, The gas is 
cooled in the condenser to about :,OO°F which produces steam at about 
50 psig. Whether to produce .50 psig steam, 30 psig steam, etc. will 
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depend upon customer specifications. The temperature of the non-
condensable gases leaving the final condenser is roughly 300°F :!: 20°F. 
The viscosity of liquid sulfur and the level at which one wishes to 
generate low pressure steam in the system is dependent upon this tem-
perature. For example, even if one wished to condense and cool the 
0 liquid sulfur leaving the condenser to 375 F, he would find +.hat the 
viscosity of the liquid sulfur is so great that it would be nearly im-
possible to pump. The viscosity curves forpure liquid sulfur are found 
in Appendix C. They will exhibit the behavior as just described. How-
ever, there is reason to believe that one could pump the liquid sulfur, 
leaving a condenser at 375°F since the gaseous H2S reduces the liquid 
sulfur viscosity. For a further discussion, see references (9) and (10). 
However, at about 300°F, there is no problem in the trans-
porting of the liquid sulfur. After the liquid sulfur leaves the 
condenser it is pumped through heated lines kept at approximately 
JOO°F to a sulfur run down tank kept also at about 300°F. 
Mixing the non-condensable gases leaving the condenser at 
about 320°F with the hot bypass gas at 1200°F as shown in Figure 1, 
a temperature of about 425°F is reached. When this gas is reacted in 
the catalyst reactor s2, s4, s6 are formed. These gaseous products 
0 
leave the bauxite catalyst reactor at about 575 F. The main reaction 
taking place in this catalyst reactor is: 
(5) 2HzS + S02 2H20 + 3 sg 
H = 21 - 35 K cal 




ferential of 30°F aaross the converter is selected. This means that 
if the gases leaving the reactor were below 545°F instead of at 575°F 
liquid sulfur would form on the bauxite catalyst and therefore destroy 
the converter's efficiency. For a further discussion see pages 39 thru 
43. 
These products enter the second condenser and additional sul-
fur is condensed and transported to storage. Once again hot bypass 
gas is mixed w1 th the gases coming out of the second condenser and 
the same process is repeated as in the second converter. '!he gases 
leaving the third condenser pass through a coalescer in order to 
collect some of the suJ.rur which may be in a mist or droplet form. 
Finally, the remaining gases leaving the coalescer are heated to ap-
proximately 1200°F. This is accomplished by adding £uel gas burnt in 
an incinerator. This is done so as to oxidize any remaining H2S or 
sulfur to so2 which is a tolerable po
llutant. (see page 67). Should a 
third reactor be used, a third hot bypass gas line would be required 
and also a third condenser. 
The reheat burner case resembles the hot gas bypass method 
most when compared with the other processes. See Figure 4. The 
only variation in this process is that reheat burners are used in-
stead of a hot bypass gas to reheat the gases coming out of conden-
sers before entering the converters. In the reheat heat burners 
acid gas and air are burned to approximately 2500°F. One of the 
practical advantages of the reheat burners is that they enable one 
to heat the bawdte catalyst reactor prior to starting the entire 
process. Therefore, before the main gases from the condenser reach 
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the converter, the converter is "warmed up". 
The heat exchange case is the heat exchange of hot gases 
from the waste heat boiler with that of the cooled process non-
condensable gases which leave the condensers. This is shown in Figure 
2. One of the problems with this type of system is that during start-
up the converter catalyst bed is not "warmed up" enough initially. 
Also another problem with this type of system is that during a "turn 
down" in the feed stream, problems may develop due to the heat ex-
changer ratings. Howaver, it should be pointed out that all the gases 
which are combined in the waste heat boiler pass through all the re-
actors in the system. This thereby gives the flow process a higher 
conversion rate of H2S to sulfur for a system being fed with design 
specified feeds, compared with a hot gas bypass system assuming that 
the converters in both systems are the same size. 
The mixed case which employs both a hot bypass gas with 
heat exchange has certain advantages associated with it. The main one 
is its high efficiency since all the products of combustion in the 
waste heat boiler pass through all the converters. See Figure 3 for 
a process flow diagram. 
C. Limiting of Variables 
Generally speaking, in order to make the flow pattern opti-
mization study manageable from the standpoint of a time limitation, 
it was decided to hold some variables constant. The variables which 
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were ultima~l.y fixed were arrived at by various means, some of 'Which 
were as followss 
(1) General customer specifications with respect 
to feeds, steam requirements, hot water, etc. 
(2) Usual material of construction requirements, 
hot gas bypass temperatures 
(3) Previous optimization study in which individual 
variables were varied by a base case 
(4) Experience 
After working with PCP-33, the Foster Wheeler computer program, the 
following variables were fixed for all the cases except that of the 
hot gas bypass case. The variables which were fixed for all cases 
in the comparative analysis are as follows: 
(1) Plant capacity 100 tons of pure sulfur per day. 
(2) Pressure level of generated steam at 50 psig and 
298°1 in the condenser( s) , except the final con-
denser and 400 psig in the waste heat boiler, 
since 400 psig is about the optimum steam pres-
sure used for turbine drives. 
(3) Final condenser temperatures for gas and liquid 
products of (1) 280°11' and (2) J].O°F. Option (1) 
2ao0r allows preheating of water to waste heat 
boiler, Option (2) allows 50 psig steam to be 
generated in final condenser, 
--~ - - ------ ·-----
--- -----·----
-17 
( 4) The converter minimum dew point delta at J()°r. This 
means that the temperature at some point in the 
converter is JO°F above the dew point of mixture 
of gases it contains. This JO°F was choosen be-
cause this is as close as a reactor can be safely 
controlled, 
(5) Two feed compositions of: 
(a) 9% ~s, 2i CO2, 2'1, Hi and 1i CH4. 
(b) 601, H2S, 2?11, CO2, 11~ H20 and 1i CH4, 
The 95i HzS feed composition was chosen because 
this would be the type of feed coming from a 
natural gas scrubbing unit, whereas the 6~ is 
from an oil refinery unit. 
( 6) Also the pressures on the various pieces of equip-
ment in the system ranging from an inlet pressure 
of 19,8 psia to an outlet pressure of 14,7 psia, 
See Appendix D for chart of typical pressure drops 
through major pieces of equipment, 
( 7) Temperature of 340°F for outlet gases in all con-
densers except the final condenser and 800°F in 
the waste heat boiler, 
(8) Temperature of J20°F for liquid sulfur product out 
of all condensers except final condenser, 
(9) Temperature of ~S acid gas feed at 1200f, 
,, 
'): •. I . r 
/ 
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(10) Inlet air temperatures after being compressed 
with air blower was set at 150°F for a two con-
verter system and 159°F for a three converter case. 
See Appendix D for blower calculations. 
(11) The quantity or air fed a system will range 
from 95 to 105i or its theoretical air require-
ments which were defined as that quantity of air 




FIGURE 1: HOT GAS BYPASS CASE WITH TWO CONVERTERS 
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m. FOSTER wmIP SULFUR RECOVERY COO'UTER PROGRAM 
A. Baekgrotmd 
The sulfur computer program used as the basic tool of this 
study was a Foster Wheeler creation. The program is extremely com-
plex and the data and design principles used in it took Foster Wheeler 
many years to develop. The data regressions contained in this pro-
gram have been compiled from actual sulfur recovery plants and the 
literature sources available in 1965, when this program was written. 
For an example of the computer printout see Appendix B. In addition, 
for a further discussion of Foster Wheeler's design principles see 
Section A of Chapter II. 
This computer program was written in Fortran but was also 
available in the form of a Program Deck of Binary Cards. When the 
computer data was taken the later form of the program was employed. 
As will be shown shortly, this program is limited to 16 components. 
When the trials were conducted for the accumulation of data only four 
of these components were needed .. which are as follows: H2S, H20, CO2, and c~. 
The accuracy of this program is very good. Foster Wheeler 
uses this program in the preliminary stages of design for commercial 
sulfur recovery plants. Theoretically, the program may calculate the 
overall yield or sulfur product as 961, but in an actual operating 
situation the yield is about~. Also, it should be pointed out 
that this yield of ~ is attained when the plant is running at 
optimum production conditions. 
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The scope of this program is best described in a Foster 
Wheeler Sulfur Computer Program Guide (13). This is where the major 
portion of the following information was ta.ken. 
B. Scope of ProQ'am 
The Sulfur Program covers a complete sulfur plant using the 
modified Claus process in which hydrogen sulfide is oxidized with air 
to form elemental sulfur. Such a plant consists essentially of a fur-
nace followed by several condensers and catalytic reactors. The 
progrBlll does heat, material and equilibrium balances over the furnace 
and over each condenser and eaoh reactor. The equilibrium balances for 
the gaseous sulfur products are assumed composed of s2, s6, and s8• The 
latter are assumed to be adiabatic. A sulfur dew point profile is de-
termined for the reactant stream as it passes through each reactor 
catalyst bed, 
The engineer specifies a required minimum temperature dif-
ference (in Fahrenheit degrees) between the stream temperature and 
the corresponding stream dew point in each reactor. The program ad-
justs the corresponding reactor input temperature until this required 
dew point margin is met, 
There are two ways in which the feed to a particular reactor 
can be heated. These ares a) by adding a hot gas to the main stream 
prior to the reactor, and b) by indirect reheating with a heat exchanger, 
When a hot gas is used, this may be obtained by eithers Case I, withdrawing 
a bypass stream from the furnace (taken either ahead of, or some way along 
the waste heat steam boiler), or Case n, combustion of fuel gas (usually 
non-sulfur bearing) in a separate furnace due to "start up" considerations, 




In some plants, the main acid-gas feed to the plant is 
burned in one or more separate small furnaces in order to provide 
"hot gas" direcily to the reactor feed streams. For the purposes of 
the Program, however, the above mentioned plant is considered as a straight 
forward hot-gas bypass arrangaent. 
In the present Program, the engineer specifies whether hot 
gas is to be used anywhere 1n the plant and if so, how this hot gas 
is to be prodqced, i.e., by main furnace bypass or by combination of 
fuel-gas in a separate furnace. In addition, he can specify whether 
hot gas heating or indirect reheating is to be used for each parti-
cular reactor. A mixed system in which some of the reactor 
feeds are heated by hot gas and the remainder by indirect heat ex-
change is permitted by the Program. 
c. Lim ta tions 
1. The feed gas compositions were limited to the sixteen 
components which are as follows: 
Card No, l Card No. 2 
(1) H2S (9) 02 
(2) so2 (10) 82 
(3) S2 (11) CRti, 
(4) S6 (12) C2H4 
(5) Sa (13) co 
(6) CO2 (14) C2H6 
(7) H20 (15) C3Hs 
(8) N2 (16) C3H10 
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2. The reactor(s) are assumed to be adiabatic, 
3, A maximum of four reactors were permitted by the 
program. 
4. Due to the fact that there exists, at present, no 
., 
acceptable method of calculating the percent conver-
sion of H2S in the main furnace, this figure mu
st be 
estimated by the engineer based on his experience, 
5. If an aurlliary furnace is being used, and the fuel 
gas to this furnace contains H2S, the percent con-
version must also be estimated, 
6. The program does not recognize COS as either feed 
or product component, 
rl. LIS'l'ING OF DA TA 
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IV. USTING OF DATA 
The listed data in this chapter can be fo\ll'ld 1n Appendix A. 
The general listings shows the type and range of variables used 1n 
determining the best flow pattern. The specific listing shows where 
these trials can be fo\ll'ld in Appendix A. The Chart No. 1n the specific 
data listing refers to the Chart No. written on the data sheets in 
Appendix A. 
A. General Listing of Runs Made 
1. Various flow patterns. 
a. Hot gas bypass to converter feed for two and 
three converters ( Figure 1) • 
b. Heat exchange with condenser gases to converter 
feed with two and three converters (Figure 2). 
c. Mixed case - hot gas bypass to converter 1 and 
heat exchange for heating the other converters 
(Figure J). 
d. Burner case which is essentially the same as 
using a hot gas bypass at the adiabatic flame 
temperature of the furnace gases for two and 
three converters (Figure 4). 
2. »nploying theoretical air compositions of 95, 98, 
100, 102, and 105 percent for the above four now 
patterns. 
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3, &nploying feed gas compositions of 95 and 6~ by 
volume H2S in l.a through l,d ab
ove. 
4, Using two final condenser temperatures of 310°F 
and 280°F. 
In addition to the data runs above there were also other 
runs made on the hot gas bypass case, A listing of these additional 
runs is as follows: 
1. &,.ploy hot gas bypass to reactor feeds for two and 
three reactors. 
2, Using 95, 90, 80, 60, 401, volume ~S acid gas feed. 
3, Using all condensers at temperatures of 375°1, 320, 
JOO, 280°F. 
4, Varying hot gas bypass temperature from outlet con-
ditions of waste heat boiler to the adiabatic flame 
conditions of the furnace, Range 500°1 to about 
2500°F in intervals of 200°F. 
5. Varying W,H, boiler conditions from 500°F to 850°F 
0 in intervals of 50 F. 
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B. SPecilic Listing of J2!ta 
Type No. Con- Feed Gas Variable Variable Final Chart 
Process verters Composi- Name Range Cond.. No. 
tions °F Temp. 
i HzS 
Hot Gas Hot Gas 
Bypass 2 95. Bypass Temp. 600-2540 375 1 
fl 2 95. " 1000-2540 315 1 
" 2 95. " 800-2540 300 2 
" 2 95. " 800-2540 280 3 
Hot Gas Hot Gas 
Bypass 3 95. Bypass Temp. 600-2540 375 4 
" 3 95. It 6o0-2_540 300 5 
" 3 95. It 600-2_540 280 6 
Hot Gas Hot Gas 
Bypass 2 90. Bypass Temp. 800-2509 310 7 
" 2 80. " 800-2414 310 7 
" 2 60. fl 800-2168 310 7 
" 2 40. " 800-1836 310 8 
Hot Gas Hot Gas 
Bypass 3 90. Bypass Temp. 800-2.5].4 310 9 
" 3 Bo. " 800-2418 310 9 
" 3 60. " 800-2171 310 9 
" 3 40. " 800-184-0 JlO 10 
Mixed Case 2 95. Theor. Air. 95-10% 280 11 
" 2 95. " 95-105i JlO 11 
" 
2 6o. " 95-105~ 280 11 
" 2 6o. " 95-10~ JlO 11 
-32 
Type No. Con- Feed Gas Variable Variable Final Chart 
Process verters Composi- Name Range Cond., No. 
tions o, Temp, 
~ ~s 
Mixed Case 3 95. Theor. Air, 9.5-:J.0~ 280 12 
n 3 95, II 95-10.% JlO 12 
n 3 60. " 95-1051, 280 12 
" 3 6o. " 95-10% JlO 12 
Hot Gas 
Bypass 2 95. Theor, Air, 95-10% JlO 13 
" 2 95. II 95-1osi 280 lJ 
" 2 60. " 95-105i 280 13 
" 2 60. " 95-1051, 310 13 
Hot Gas 
Bypass 3 95. Theor. Air. 95-105~ JlO 14 
" ) 95. " 95-105it 280 14 
ti 3 60. It 95-10_% 310 14 
" ) 60. " 95-105~ 280 14 
Heat 
Exchange 2 95. Theor. Air. 95-1051, 280 15 
" 2 95. " 95-1051, 310 15 
" 2 60. " 95-105i 310 15 
" 2 60. " 95-105~ 280 15 
Heat 
Exchange 3 60. Theor, Air, 95-1051, 280 16 
" 3 60. " 95-1051, JlO 16 
n 3 95. n 95-1051, JlO 16 
" 3 95. " 95-1osi 280 16 
I 
' ~ ! 
I 
i, 





Reheat 2 95. 
" 2 95, 
" 2 60. 
ti 2 60. 
Burner 
Reheat 3 95. 
" 3 95. 
" 3 60. 
ti 3 60. 
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Theor. Air. 95-105~ 280 17 
" 95-10.% 310 17 
" 95-105i 280 17 
" 95-105i 310 17 
Theor. Air. 95-105i 280 18 
II 95-105i 310 18 
ti 95-105i 280 18 
ti 95.10,i 310 18 
V. TABULATED WULTS AND CONCLUSIONS OF 









V. TABQLATED RESULTS AND CONCLUSIONS OF 
I'U1W P,\'rl'ERN OPTIMIZATION 
The results and conclusions in this chapter have been 
broken :into two main divisions. The first division contains the re-
sults and conclusions of the hot bypass gas case and the second is a 
comparison among the four now patterns. As previously discussed 
these four cases are as follows: 
(1) the hot bypass gas case, 
(2) the reheat burner case, 
( 3) the mixed case, and 
(4) the heat exchange case. 
The reason for breaking the conclusions into two main parts is that 
an indepth study was made for the hot bypass gas case, Whereas for 
the other cases time considerations permitted only a basic compari-
son among the flow pattern, 
The computer data used in reaching the results and conclu-
sions for the hot bypass case and for the comparison of the other 
cases may be found in part A of the Appendix. Although all the con-
clusions which possibly could be reached from this data are not con-
tained within this thesis, the major conclusions are thought to have 
been presented. Many of the conclusions reached, primarily for the 
comparative cases, will be of a practical nature and will incorporate 
"start up", "turn down", equipment, etc, considerations. These 
practical considerations, to a great extent, are the most important 




A. Conclusions of the Hot Bypass Gas Case 
Generally speaking, the increase in yield in elemental sul-
fur production of a tlree converter system over a two converter system 
using a hot bypass gas of 1200°F is about three-fourths of one percent. 
Whether or not a customer would use a three converter system would de-
pend upon a pay-out balance of the increased profit from the sulfur 
versus the additional equipment fixed capital costs. (For a detailed 
study see Chapter VI of this report.) 
The yields obtained for final condenser temperatures of 
37 5°F, 315°F, 280°F, for a two converter system were 92. O~, 9 5. 771,, 
and 97,18% respectively. Therefore, with lower final condenser tem-
peratures the yields increase considerably (See Table I.) Ordinarily 
the liquid sulfur is removed from the condenser at a temperature be-
low 315°F due to the viscosity effects. Above 317°F the viscosity of 
liquid sulfur increases sharply to a peak at about 375°F, also below 
290°F liquid sulfur tends to set which makes field transport difficult. 
These effects of temperature on liquid sulfur can be seen in Appendix 
C. However, the liquid sulfur leaving the condensers has some ~S 
dissolved within it whereby the viscosity of the mixture is lessened 
somewhat. For a further discussion of the effects of ~S gas on 
liquid sulfur viscosity see references (9) and (10). 
Varying waste heat boiler outlet temperatures in the range 
of 500°F to 850°F does not effect overall yield. However, the quan-
tity of high pressure steam generated will vary considerably. with 
changes in waste heat boiler outlet temperatures. A.gain this will 
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TABLE I 
ifi:Bx:I QE V 6BilNG FIN~ CONDBNS~ 
THERATURE AND FEED CC!IPOSITION ON OVERALL SUIFUR PRODUCT YIELOO 
Type of System - Hot Bypass Gas 
HS Feed Gas No. of Temperature Overall Yield 2 Converters of Final of 
Concentration Condenser Sulfur i 
% °F 
95. 3 375. 92.75 
95. 2 375. 92.06 
95. 2 315. 95.77 
95. 3 300. 96.92 
95. 3 280. 97.18 
95. 2 300. 96.09 
95. 2 280. 96.36 
90. 3 310. 96.57 
90. 2 310. 95.67 
80. 3 310. 96.45 
Bo. 2 310. 95.51 
60. 3 310. 96.16 
6o. 2 310. 95.13 
40. j 310. 95.63 








depend upon customer specifications and the economic consideration 
of the value of high pressure steam versus the value of low pressure 
steam. 
An acid gas containing 9% by volume of H2S has been run. 
The actual furnace conversion is about 651, for an acid gas of the 
above composition. This is about 10~ lower than the theoretical con-
version predicted by use of a heat balance and equilibrium data. The 
conversion factor was supplied by Foster Wheeler and is based upon 
experimental data. This conversion factor must be fed as data into 
the computer program. Al though the actual furnace conversion factor 
is lower than that predicted theoretically, it does not aff act over-
all yields of the process to any great extent. This is because the 
converters following the furnace reduce most of the "overload" of ~S 
to gaseous sulfur. It is reasonable to assmne that kinetics are somewhat 
elow on reaching of equilibrium between gaseous sulfur and so2 in the 
following reactions 
With lower HzS compositions in the acid gas the actual furnace con-
version changes even more significantly than the theoretical pre-
dicted value. For example, the actual furnace conversion for an acid 
teeJ gas of about 4~ H2S is about 3~, whereas the theoretical value 
is about 6'!/1.,. However, in the Gamson and Elkins article some experi-
mental evidence is shown that gives a larger fumace conversion than 
that predicted by theoretical means. 
··------ .,------~---·~-
' .. ' 
I" J., ·, , • o -~ ~ I ' .· -~· '.1 ' 
rr .t1if' 
----------·---- ------------ ·------ ---- -·-···· .
. -.--·-----· --
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The hot bypass gas temperature has been varied from outlet 
conditions to the adiabatic flame temperature. A plot of the results 
of hot bypass gas temperature versus overall yield of H2S to liquid 
sulfur is shown in Figure 5, The adiabatic flame temperature case may 
be considered the same as a flow process employing reheat burners to 
raise reactor feed temperatures, Therefore when the word adiabatic 
appears in the computer output data for the hot bypass gas case, it 
can be considered as a reheat burner case, 
A more or less optimum value for a hot pypass gas is about 
1200°F inasmuch as seen in Figure 5 that the overall yield will not 
change significantly above this hot bypass gas temperature. In a 
typical run the overall yields for a hot bypass gas at temperatures 
of 800°F, 1200°F, 220°F were 90,8~, 92.95i and 93.25i respectively. 
0 
Another reason for not using temperatures above 1200 Fis that one may 
run into materials of construction problems, 
A temperature differential above the dew point of the sulfur 
products formed within a converter is provided by the computer programs, 
This is lmown as the minimum dew point delta value, Optionally the 
inlet temperature to the converters can be set. The program also 
gives values of the dew point delta at different H2S conversion in the 
reactor in intervals of 1~ and the final value when either the minimum 
dew point delta or converter inlet temperature is specified, These 
features of the sulfur computer program can be seen in Appendix B, 
For example, in the first converter of a three converter 
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FIGURE 5: 
HOT GAS BYPASS TEMPERATURE vs OVERALL YIELD 
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dew point delta occurred at a conversion of 1~ of the ~S. The 
final value of \S conversion was 76. 71,. This means that when 1oi 
of the HzS was converted to gaseous sulfur products the lowest tem-
perature in the converter was attained. This temperature was then 
30°F' above the dew point temperature at which the gaseous sulfur would 
condense. When the reaction of HzS and so2 continued in the converter 
the final conversion was 76.?1, of H2S to gaseous sulfur product and 
the final temperature of this particular product was much higher than 
a delta of 30°F above its condensation temperature. Figure 6 shows 
the internal conversion of HzS versus that of stream and dew point 
temperatures in the first catalyst converter of a three converter sys-
tem. Returning to the above example, in the second converter the mini-
nrum dew point delta occurred between 50 and 6c1i of H2S conversion, 
while the final ~S conversion was 68.~. 
As seen from the above, the minimum dew point delta in the 
first converter occurred at a lower conversion point than in the 
secorxl, The explanation lies in the nature of the dew point and 
actual stream temperatures versus the internal converter conversion 
of ~S, In the first converter feed there are less inerts than in the 
second converter feed. One will find that a rise in gas temperature 
caused by the heat of reaction between H2S and so2 will sooner off 
balance the rising dew point temperature caused by the formation of 
sulfur gas in the first converter than the second converter. For a 
graphic explanation see Figures 6 and 7, 




























CONVERSION OF !!_2.§. VS STREAM AND DEW POINT TEMPERATURES 










































































reactor stream data 


















CONVERSION OF !!_2§_ VS STREAM AND DEW POINT TEMPERATURES 
IN SECOND CONVERTER OF THREE-CONVERTER SYSTEM 
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B. Results and Conclusi~n on Comparison of Four Flow Processes 
This section has been broken into two parts. The first 
part is the tabulated results of the computer runs which are in Appen-
dix A. The second part is the results and conclusions comparing the 
four flow systems shown in Figures 1 through 4. The conclusions which 
have been reached are based primarily upon the tabulated results con-
tained in this section and the practical design aspects heretofore 
mentioned. 
1. Tables of Comparative Data 
In order to save space the rewriting of "fixed" variables 
will be omitted and the tables of tabulated data will be proceeded by 
a listing entitled "Initial Set of Fixed Variables". As implied by 
this 'ti.tle these variables are assumed not to change unless otherwise 
noted. However, since the great majority of tables will have slightly 
different sets of fixed variables, the changes made in the "Initial 




INITIAL SET OF FIXED VARIABLE 
Reactor dew point delta = 30°, 
Condenser entrainment = 2.0 lbs. per 100 
moles gas effiuent 
Theoretical air = 10~ 
Moisture in dry air = .014 moles/moles 
Adiabatic furnace flame temp. = 254-0°F 
Composition of acid feed gas = 95% H2S, 21, CO2, 
~ H2 and 1i C~ 
Furnace outlet temperature = 800°F 
Initial condenser(s) gas and 340 and 320°F liquid outlet temperature = 
Hot bypass gas temperature = 1200°F 
l 




__ ,.._ ____ . ..,. __ .. .,_~ ... ----.¥--~•-..-.---••~ ,_,..._ ~· ~. ·•-··- • • -.·· ,-~·- ~·~"" ,~ -., .. ·, ·,.-,. ·, .""" .,nr ,. ,.,·.< .. 
TABLE III 
VARYING FINAL CONDENSER TEMPERATURE 
AND NUMBER OF CONVERTERS 
Type 
System 
Hot Bypass Gas 







Hot Bypass Gas 




































































VARYING FINAL CONDENSER TEMPERATURE 
AND NUMBER OF CONVERTERS WITH FEED CHANGE 
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Changes in Initial Set of Fixed Variables: Composition of acid feed 
gas to 6r:JI:, H2S, 27.5i CO2, 11,5% H20, 11 CH4 
Type No. Final Overall 
System Converters Condenser Yield 
Temperature rfo 
°F 
Hot Bypass Gas 2 280 95.13 
Hot Bypass Gas 3 280 96.73 
Burner Case 2 280 96.12 
Burner Case 3 280 97.23 
Mixed Case 2 280 96.37 
Mixed Case 3 280 97.66 
Heat Exchange 2 280 96.45 
Heat Exchange 3 280 97.66 
Hot Bypass Gas 2 )10 95.13 
Hot Bypass Gas 3 )10 96.16 
Burner Case 2 )10 95.55 
Burner Case 3 )10 96.66 
Mixed Case 2 310 95.81 
Mixed Case 3 310 97.09 
Heat Exchange 2 310 95.91 
Heat Exchange 3 )10 97.u 
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TABLE V 
UNDER SUPPLYING OF THEOJml'ICAL A.IR JYRUIREMENTS 
Changes in Ini tia1 Set of Fixed Variables: 9 % Theoretical Air 
Type No, Final Overall 
System Converters Condenser Yield 
Temperature ~ 
°F 
Hot Bypass Gas 2 280 94.17 
Hot Bypass Gas 3 280 94,35 
Mixed Case 2 280 94.37 
Mixed Case 3 280 94.49 
Heat Exchange 2 280 94.39 
Heat Exchange 3 280 94.49 
Burner Case 2 280 94.Jl 
Burner Case 3 280 94,45 
Hot Bypass Gas 2 310 93.72 
Hot Bypass Gas 3 310 93.90 
Mixed Case 2 310 93,95 
Mixed Case 3 310 94.04 
Heat Exchange 2 310 93.94 
Heat Exchange 3 310 94.04 
Burner Case 2 310 93.86 
Burner Case 3 310 94.00 
- ,.,-.,,.· . --~· -···. '.,. ., . ''" . ,.,,,..,.,. " - _- .~:----.;,~·:;. . .:,:, -, . -~ • .. "-,. . ·-· , .. ··~ '"'· "" ... , . .,.. ·- . ' 
_,,. __ ,_.c.,,_. ••- , .•----··•- --n--.-- -a•• '·"• . .-d .. ·"' ••• -~~• > •••··" 
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TABLE VI 
OVER SUPPLllNG OF THEORmCAL AIR ~ 
Changes in Initial Set of Fixed Variables: 105i Theoretical Air 
Type No. Final Overall 
System Converters Condenser Yield 
Temperature 1, 
°F 
Hot Bypass Gas 2 280 95.28 
Hot Bypass Gas 3 280 95.82 
Mixed Case 2 280 95.78 
Mixed Case 3 280 96.42 
Heat Exchange 2 280 95.86 
Heat Exchange 3 280 96.43 
Burner Case 2 280 95.65 
Burner Case 3 280 96.20 
Hot Bypass Gas 2 310 94.80 
Hot Bypass Gas 3 310 95.34 
Mixed Case 2 310 95,29 
Mixed Case 3 310 95.94 
Heat Exchange 2 310 95.37 
Heat Exchange 3 310 95.95 
Burner Case 2 310 95.16 
Burner Case 3 310 95.72 
l 
·-·-·-·---
-· - .,. __ ,.n--s• .. ,·.,•:,.,j.•,.•'•"•'"_,.,,'~.,, . .,,_-••->....,••~¥"-~~ .•.. ,.,_, .... ,J~_..,, ••' 
TABLE VII 
UNDER SUPPLil]G OF THEORETICAL AIB filRUIREMENTS 
WITH VARIATION ON FEED 
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Changes in Initial Set of Fixed Variables: 95( Theoretical Air, 
6~ H2S, 27,5i CO2, ll.5i HzO, and 1~ CH4 in feed 
Type No. Final Overall 
System Converters Condenser Yield Temperature ~ 
°F 
Hot Bypass Gas 2 280 93.01 
Hot Bypass Gas 3 280 94.12 
Mixed Case 2 280 93.95 
Mixed Case 3 280 94.36 
Heat Ex:change 2 280 94,13 
Heat Ex:change 3 280 94,36 
Burner Case 2 280 93.99 
Burner Case 3 280 94.29 
Hot Bypass Gas 2 310 93.26 
Hot Bypass Gas 3 310 93.61 
Mixed Case 2 310 93.55 
Mixed Case 3 J].O 93.81 
Heat Exchange 2 310 93.58 
Heat Exchange 3 310 93.81 
Burner Case 2 310 93.Li4 
Burner Case 3 310 93.74 
--.~-- -~; ....... ___. ... ~-,., ........ ..;,:.~-·-'-· '.:,~·,--~-·-'"~··"-, ... .,·~····---,-· .. ,.,,. 
T.lBLE mI 
OVER SUPPLYING OF THEOJmICAL AIR IWJJW?IPTS 
WITH VARIATION ON FEED 
-51 
Changes in Initial Set of Fixed Variabless 105i Theoretical Air, 
6C'J1, H2S in feed 
Type No. Final Overall 
System Converters Condenser Yield 
Temperature 4i 
°F 
Hot Bypass Gas 2 280 94.71 
Hot Bypass Gas 3 280 95,46 
Mixed Case 2 280 95.26 
Mixed Case 3 280 96,14 
Heat Ex:change 2 280 95.33 
Heat Ex:change 3 280 96.15 
Burner Case 2 280 95.06 
Burner Case 3 280 95,84 
Hot Bypass Gas 2 310 94,13 
Hot Bypass Gas 3 310 
Mixed Case 2 310 94.67 
Mixed Case 3 310 95.56 
Heat Exchange 2 310 94,74 
Heat Exchange 3 310 95.57 
Burner Case 2 310 94.48 
Burner Case 3 310 95.25 
---- ....,.._"}":-", ........... ~···--, .-~-~----~·- -
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2. Conclusions 
The conclusions which have been reached in this section of 
the chapter are primarily based upon the data found in the preceeding 
tables, the conclusions of the hot bypass gas case, and practical de-
sign considerations. Selecting the optimum flow pattern from the four 
cases which have been analyied is the primary object of these conclu-
sions. As previously noted this optimum flow pattern will be based 
in terms of the theoretical overall yields of sulfur recovered from 
an H
2
S acid gas and from a practical design view point. This design 
view point includes "start up", "turn down", ease of construction, etc. 
considerations. 
Of the four cases studied the heat exchanges case produces 
the highest overall yield in sulfur product from an HzS acid gas feed. 
This assumes that the theoretical air requirements are met exactly, 
that the plant is at steady state, and that the gas flowing through 
the plant is at design capacity. Looking at Table IV, the overall 
yields of sulfur product as computed from the computer program for 
the heat exchange, mixed, burner, and hot bypass gas cases are 96.45, 
96.37, 96.12, and 95.70, respectively. This result is for a flow 
process with two converters, 60.( acid gas feed, a final condenser 
0 
temperature of 280 F, and a hot bypass gas temperature of 1200°F for 
the mixed and hot bypass gas cases. This is a fairly good represen-
tation of the effectiveness of these flow processes in the producing 
of sulfur. An increase of about three-fourths of one percent in the 
overall product yield will result in the heat exchange ease compared 
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to the hot bypass gas case for the set of fixed variables used in 
Table IV. However, this model assumes that all the variables in 
Tables II and Table IV are constant. This three-fourths of one per-
cent increase in yield could mean a reduction of 25i in air polluation 
if a heat exchange system were used instead of the hot bypass gas 
system. 
The three converter case using the identical fixed variables 
resulted in yields for the heat exchange, mixed, burner and hot bypass 
gas cases of 97.66, 97.66, 97.23, 96.7~ of sulfur product recovered 
from the HzS acid gas feed. The relative increases in yield were 
therefore 1.21, 1.66, 1.11, and 1.03i in a three converter system com-
pared with a two converter system. The largest increase was in the 
mixed case, with the heat exchange case, followed by the burner case, 
and finally the hot bypass gas case. 
The system which had the smallest increase in yield when the 
two converter systems were compared with the three converter systems 
was the hot bypass gas case. When an additional converter is employed 
more hot bypass gas is needed. to heat the main gas stream from the 
third condenser which is used as feed for the third converter (See 
Figure 1). This extra hot bypass gas comes directly from the waste 
heat boiler and therefore it does not pass tbtaugh the first and second 
converters. The increase in yield occurs since the first two bypass 
streams will now pass through an ad.di tional converter as will the 
main stream of gas. 
The reheat burner case is much the same as the hot bypass 
gas case. As in the hot bypass gas case, the reheat burner system 
requires additional gas for the burners preceed1ng the third conver-
ter. This time the gas is H2S acid gas whi
ch is assumed to be burnt 
at the adiabatic flame temperature of the 82S acid gas and air mixture. 
The amount of sulfur producing gas which is drawn is much less than 
that required by the hot bypass gas system to heat the main stream of 
gas leaving the third condenser before it enters the third converter. 
However this additional gas will not pass through either the first or 
second converters. The slightly large increase in yield of the burner 
case compared to the hot bypass gas case results since less sulfur 
producing gas is required for heating the third condenser effluent. 
The case with the highest relative increase in yield of sul-
fur product when comparing a two converter system to a three converter 
system was the mixed case. The case with the next largest increase 
was the heat exchange system. The reason for these systems having the 
largest increases was that the entire main stream of gas could now 
pass through a third converter without any additional gas being called 
for. The mixed system like the heat exchange system uses a heat ex-
changer to reheat the main stream of gas issuing from the second and 
third condensers before entering the second and third converters. 
Since there is a limit both physically and thermodynamically, the in-
crease 1n the heat exchange case could not be as large as that of the 
mixed case. Physically built into the computer program is allowance 
for entrainment of liquid sulfur product being carried out of the 
condensers. With it comes a limit as to how much sulfur can be re-
covered. Also thermodynamically a limit is reached from the chemical 
-55 
equilibrium viewpoint. 
The effectiveness of final condenser temperatures has been 
discussed earlier in this section. looking at Table m an~. Table IV 
the effect of final condenser temperatures on overall yield of sulfur 
product seems fairly constant. The increase in yield for the four 
systems is approximately one half percent when a temperature of 280°1 
is used as opposed to 310°11'. However as previously noted a ~ varia-
tion in sulfur yield can occur if a final condenser temperature of 
375°F is used instead of 300°F as with a typical hot bypass gas case. 
Figures 8 and 9 are plots of percent theoretical air versus 
overall yield in percent of sulfur recovered from the ~S acid feed 
gas. The heat exchange case maintains its superiority in yields over 
any of the other systems. However, when a 95~ HzS acid feed gas is 
supplied to the system, it also shows the largest absolute decrease 
in overall yields of sulfur product with the variation on the theore-
tical air requirements. When using a 951' H2S feed gas, the four sys-
tems start to converge in terms of their overall yields. This trend 
of convergence in overall yields becomes especially noticeable when 
the variation in the theoretical air requirement approaches a~ 
deviation. 
The range of variation in the theoretical air requirement 
employed was from 95 to 105~• This range is probably much broader 
than that occurring in an actual sulfur recovery plant having the 
proper instrumentation. However, for plants using manual techniques 




As can be seen in Figures 8 and 9, a sulfur recovery plant 
operating with the same percentage of excess in the theoretical air 
requirement as deficit percentage is operating more efficiently. For 
example, when an 10% theoretical air requirement is used a typical 
overall yield in sulfur product is 951,. When a plant operates at a 
level of 95i of its theoretical air requirement the overall yield is 
93.5~. Therefore it may be beneficial to run a sulfur recovery plant 
of this type with a slight excess of air. In any case, it is impera-
tive that the theoretical air requirement of a sulfur recovery plant 
be maintained as close to 1ooi as possible. For a~ decrease in 
overall yield can result even though the deviation from the 10~ 
theoretical air requirement is not too large, 
Theoretically the heat exchange case gives the highest over-
all yields when compared to the other three cases. In an actual opera-
ting situation this system may not consistently produce these yields 
and also may not be the most economical to construct and operate. 
Economically this system requires more major pieces of equipment 
than any of the other systems. The major pieces of equipment being 
the heat exchangers. In conjunction with the heat exchangers are 
the pressure drops associated with them. Since they produce a larger 
overall pressure in the system, it is necessary to equip the blower 
used to supply air to the system with a larger motor, Therefore the 
utility cost will be higher for this system. 
The heat exchange system is the last flexible in a "turn 
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exchangers are designed to meet specific gas flow requirements. For 
example, assume a "turn down" situation where only 50 tons of acid 
feed gas enter the system instead of 100 tons. The exchangers may 
not function properly since the heat transfer coefficients are now 
changed unlinearly, The overall yield of sulfur product will start 
to drop, Therein lies the major difficulty with the heat exchange 
case, the inability of control or lack of flexibility associated with 
the heat exchangers, 
In contrast to the heat exchange case is the reheat burner 
case. During the "start up" of the heat exchange case the hot gas 
burned in the reactor must pass through the entire system before the 
plant is warmed up, In the reheat burner case either fuel gas or 
H2S acid gas in combination with air can be fired directly into the 
converters, This assures that the converters will be hot when the 
main sulfur bearing gases enter for oxidation, Therefore a quicker 
"start up" is possible for the reheat burner case than the heat ex-
change case or for that matter any other case, 
The reheat burner case is the easiest to control especially 
in the hands of unskilled or inexperienced operators. In a "turn 
down"situation all that needs to be done is to adjust the reheat 
burners for the new quantities of combustion gases needed to heat the 
condenser effluent before it enters the converter, Also adjustments 
must be made in water rates to the various condensers and waste heat 
boiler. 
The hot bypass gas system has the advantage of the least 
pieces of major equipment and a good degree of control. In addition, 
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it is relatively easy to "start up", During "start up" a fuel gas 
in the burner prior to the reactor is fired, This gas is allowed to 
heat the converters before letting the ~S acid feed gas into the en-
tire system, As in the case of the reheat burner more or less hot gas 
can be called for to reheat the gas exiting from any of the condensers 
before entering a converter. Therefore, it does have a good degree 
of control. 
The mixed case attempts to combine the high overall efficiency 
of the heat exchange system with ease of control of a hot bypass gas 
system. To start up the mixed system as in the hot bypass case, the 
burner prior to the reactor is fired with fuel gas.· This hot gas is 
then allowed to pass from the first converter throughout the rest of 
the system. The "start up" is then a relatively simple but still slow-
er process than the other systems with the exception of the heat ex-
change case. 
The control of the mixed case arises out of the fact that 
about 89t&of the sulfur in a 9~ H2S acid gas feed is recovered in the 
first and second condensers. Therefore in a "turn down" situation one 
need not give as much attention to the performance of the heat ex-
ohang~as in the heat exchange case. One therefore has enough con-
trol over the system by just employing the hot bypass gas flow pro-
perly, and the added advantage of all the gas contained in the system 
passing through each converter, 
Arter all things considered the mixed case will properly 
give the best results in an actual sulfur recovery plant. Theoreti-
cally the overall yields obtainable are almost as high as in the heat 
L 
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exchange case. Practically speaking, the plant is fairly easy to 
"start up". In "turn down" situations the plant has enough flerl-
bility of control. Equipment wise, it does have the disadvantage of 
a slightJ.y larger air blower and the additional heat exchanger, how-
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VI. f&ONOO:C EVWJA'l'ION Cf TWO VERSUS THREE CONVERTER SYSTEM 
A. Background and Summary 
The purpose of this chapter is the economic comparison be-
tween a 100 long tons* per day sulfur recovery plant having two cata-
lytic conversion stages versus a unit with three such stages. The two 
and three converter sulfur recovery plants compared have identical 
feeds with respect to the amolllit and quality; however, the quantities 
recovered are 100 and 100.9 tons of liquid sulfur per day for the two 
and three converter plants respectively. The three converter plant 
recovers .9 tons per day more than a two converter plant due to its 
greater efficiency. The cost data used for this study was supplied by 
Foster Wheeler and must not be published or reproduced in any manner. 
The "payout time" of the sulfur plants was computed on the basis of 
fixed capital investment divided by gross profit as illustrated in 
Chemical Engineering Plant Design (6). 
A sulfur recovery plant is normally associated with an amine 
plant. The amine plant is fed with sour gas from possibly either a 
petroleum refinery or natural gas source. The amine unit then pro-
duces sweet gas and HzS acid gas. The H2S acid gas is fed to the sul-
fur recovery unit and in turn the sulfur unit can produce low pressure 
steam tor use in the amine separation plant. It should be noted th.at 
in the sulfur recovery plant being studied the air blower is electri-
cally driven. Another arrangement co11111only used is to power this blowfl' 
*Wherever the word "tons" appears in this report, it is to be con-
sidered long tons since this is the customary practice in the sulfur 
business. 
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with intermediate pressure steam which would be produced 1n the waste 
heat boiler. The turbine back pressure selected 1n thie arrangement 
is such that the exhaust steam may be used 1n regenerating the scrub-
bing medium employed in the gas cleaning plant. Time did not permit 
a comparison of steam versus turbine drive for the blower. 
The fixed capital cost for a two converter sulfur recovery 
plant excluding direct engineering costs was $505,392. The fixed 
capital costs were scaled up from an estimate of a smaller plant 
built in Europe using a 0.65 capacity factor. A. possible source of 
error in the fixed capital may be that of labor costs. This may arise 
due to the difference in wage scales between the United States and 
Europe. However, on this point of wage scales, it should be pointed 
out that the discrepancy may not be very large since the hourly produc-
tivity of the American worker is greater than his European counterpart. 
Adjustments also have been made to the costs of acquiring equipment 
from abroad in terms of shipping and tariffs. 
The direct engineering fees amounted to $150,000. Included 
in the direct engineering fees are company overhead and managerial 
fees. These total fees are based upon an American estimate for a sul-
fur recovery plant of a similar size supplied by Foster Wheeler. 
The production cost estimate is broken down into four parts: 
raw materials, utilities, operating expenses, and overhead expenses. 
It is assumed that the production costs are approximately the same for 
a two reactor plant as compared with a three reactor plant. Under the 
production heading raw materials it should be noted that the ~S acid 
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reed gas has no coat associated with it. Normally a sulfur recovery 
llllit would be considered integrally with a gas cleaning unit. Thus 
the plant would be diluted for the cost of the sour gas fed to it and 
credited for the sweet gas and sulfur produced. Since the cost study 
only compares two types of sulfur recovery units, it seemed logical 
not to charge the unit for acid gas fed to it. 
The operating expenses listed under production costs are 
self-explanatory. The overhead expenses are ma1.nly estimated values 
and these would depend to a large extent on what industry was utilizing 
the sulfur recovery plant and also on whether the sulfur was for cap-
tive use or to be sold on the open market, etc. 
The "payout time" for a two converter sulfur plant was 0.58 
years as compared with o.64 years for a three converter sulfur recovery 
plant. Some of the major assumptions used are as follows r 
1. The acid gas feed to the plant has no monetary value. 
2. All sulfur products produced are valued and salable 
at $42. a ton. 
3. The plant operates at full capacity for 330 days a 
year and the optimum recovery is achieved at all times. 
4. The acid feed gas is of the same composition and volume 
input at all times to both the two and three converter 
plants. 
5, The production for the two reactor plant is 100 tons 
whereas for the three reactor plant production is 
100,9 tons daily, 
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6. The sulfur is continuously removed and no storage 
costs are involved, 
Since the selling price of the sulfur is of immense impor-
tance in terms of payout time, annual profit, and profit per ton of 
sulfur produced; graphs have been produced relating these three varia-
bles to the price of sulfur over the range of from 25 to 50 dollars 
per ton, These appear later in the report, With the large number of 
assumptions as stated above, there can be a substantial variation in 
production costs, and even more importantly in the overall profit 
picture, 
The net profit per ton in a two converter plant was $16.35 
as compared with $16,38 a ton in a three converter plant. Whereas the 
net profit or new earnings for a two or three converter sulfur recovery 
plant is 539 and .545 thousand dollars respectively. The "payout" for 
the additional items of equipment for a three converter system over a 
two reactor system is 7 .o years. It would not, therefore, pay to em-
ploy a three converter system for this size plant unless other con-
sideration besides economics come into focus such as air pollution. 
It should be pointed out however, that with larger size plants of per-
haps 500 to 600 tons of sulfur product per day the addition of a third 
converter may prove economically feasible. With the larger plant, 
operating costs would be lower per ton of sulfur produced, This allows 
a quicker payout time for the additional i tams which are needed in con-
structing a three converter system, 
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Another major reason for possibly employing a three converter 
system is to lessen pollution dangers. By employing a third converter 
the contamination of the atmosphere by so2 would be cut by approximately 
3~. In absolute terms the quantities of sulfur compounds issuing out 
of the stack are 2.55 and 3.48 for the three and two converter system 
respectively. In soma areas of the country this may be a major factor 
in deciding whether or not a plant is permitted to~erate. Canadian 
law and United States practice is to incinerate H2S to so2• Although 
H
2
S is less toxic tbs.n so2, it is incinerated due to 
its pungent odor 
and finally dispersed into the upper atmosphere through a stack. A 
study on this aspect of the economic design of sulfur recovery plants 
is presented in an article by Valdes (1). The sulfur recovery plant 
itself is a large anti-contamination unit. Since after incinerating 
the tail gases, the practice of some refineries is to directly pollute 
the atmosphere with them instead of processing these tail gases in a 
sulfur recovery unit. 
ALL OPERA~ING CONDITIONS ARE APPROXIMATE VALUES ONLY 
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B. Qopt Estimation !or Two Converter Sulf'ur RecoverY Plant 
TABLE]X 
1. Flxeg. gJJ?!tal Cost - (Excluding Direct Engineering Costs) 
~CRIPTION AMOUNT SUB-TOTAlS 
DOLURS COLLARS 
Vessels 31,026.26 






Steam Traces 5,477.73 
Total Direct Materials 244,lll.98 
Vessels 10,140.71 
Heat Transfer Equipment 60,965.97 
Civil (Foundations) 30,543.16 
Insulation and Refractory 53,891.48 
Total Sub-Contract D&E 155,541.32 
Instruments s/c Labor Only 28,370.39 
Electrical s/c Labor Only 2,052.41 
Total S/C Labor Only '30.422,80 
Vessels 918.53 
Heat Transfer 787,'.36 
Mechanical 787.36 
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TABLElX - Continued 
DESCRIPTION AMOUNT SUB-TOTALS 
DOLLARS DOUARS 
Civil (Steel Work) 637.59 
Piping 56,683.99 
Instrument (piping) 1,836.72 
Steam Tracing 15,655.08 
Total Direct Labor Z51J!6.6J 
GRAND TOTAL 505,392.73 
TABLE X 





Double Pipe Exchangers 
Pumps & Drivers 
Compressors & Drivers 
Structural Steel 
Valves 
c.s. Fabricated Pipe 




































TABLE X - Continued 
DFSCRIPTION 
Instrument El.9ctrical 
Supports & Racks 
Power Equipment 
Steam Tracing 
TOTAL CODE 1000 
3. Direct Engineering Fees 
*Direct Construction 
**Fire Protection 
**Incinerator Safety Features 
TOTAL ENGINEERING 


















*Includes department overhead and management fees. 
••Included in direct construction costs. 
5. Production Cost Estimate 
Plant: Two Reactor Sulfur Recovery 
Capacity: 100 Long Tons Sulfur 
TABLE XI 
COST OF PRODUCTION 
RAW MATERIALS QUANTITY 
H2S Acid Gas 330.53 
Catalyst, Bauxite 1370 
Mullite Balls Catalyst 
696 Support 
Sulp:iur, initial charge 2000 



































• 50 53,400 • 
.01 9,723. 
• 05 10,700 • 
36,232. 
7000 28,000.00 
TABLE XI - Continued 
QUANTITY 
OPERATING EXPENSES - Continued 
foreman 
Maintenance ) ?!,, of 
) Capital 
Supplies ) Investme1'lt 
OPERATING EXPENSES 
OVERHEAD EXPENSES 







General Plant Overhead: ~ of Operating Expenses 
Property Taxes, Fire & Ll.abili ty Insurance, etc. : 
'Jf;i of Investment 
Depreciation 10% of Capital Investment 
Management & Marketing 1~ of Sales 
OVERHEAD EXPENSE SUBTOTAL 

















TABLE XI - Continued 
6. Cost and Profit Summary for Two Reactor Sulfur Plant 
Type of Plant: 
Production: 
Fixed Capital Investment: 
Working Capitalt 
Total Capital Investment: 
Im! 
1. Total product cost 








3. Gross profit (item 2-item.l)l,124,177,96 
4. Income after taxes (52i 
level) 584,572.54 
5. Net Profit or new earnings (item '.3-item 4) 539,605.42 
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PAYOUT TIME= investment gross profit 
- 655,~92.73 - 58 
- l,12~177,96 - • years 
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c. Cost Estimation for Three Converter Sulfur Recovery System 
1. Estimated Additional Expenses for Three Converter System 
~CRIPTION AMOUNT ( OOLLARS) 
Reactor 16,000. 
Exchanger 22,000. 




Direct Labor 5,000. 
Engineering 15,950. 
TOTAL ADDITIONAL COSTS 70,950, 
·I 
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c. Cost Estimation - Continued 
2, Cost and Profit Summary for Three Converter Sulfur Plant 
Type of Plant: 
Production: 
Fixed Capital Investment: 
Working Capital: 
Total Capital Investment: 
ll1M 
1. Total product cost 
2. Product value 
3. Gross profit or earnings 
(item 2 - item 1) 
4. Income taxes (52'.t level) 
5. Net profit or new earnings (item 3 - item 4) 





































' U) " 
0 0.9 ' ' H " l'.) ' ' .... 
"" 
0.8 ' ' 
' 
' 
.µ ' ' 




B 0. 7 " ' ' ' 























>t 0.3 --------- three 
reactor plant 
i:::: 
.,.; two reactor plant 
Q) 0.2 s 
.,.; 
E-t 





25 30 35 40 
45 50 
Price of Sulfur per Ton Dollars 
FIGURE 11: 
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FIGURE 13: 
PROFIT PER TON vs SELLING COST 
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D. Cost md Profit Summary for Sulfur Re9oveey Plants 
1. Caloul.ation of the New Profit of Su1tur Produced in a Two 
Converter System 
Tons sulfur per year = 100 tons/day x 330 days 
= 33,000 tons sulfur per year 
Net profit two converter sulfur plant = $539,605.42 per year 
Net profit per ton = $539,605.42/33,ooo = $16.351 
Net profit three converter system 
Tons sulfur per year = 100.9 x 330 = 33,297. 
Net profit three converter sulfur plant= $.545,592.94 
$.545,592.94 
Net profit per ton= 33,297 = $16.385 
. . . ___ . -~-·-
. -~ ~ - -::--- -·- ·-----~-- -~--- - - _,.. _____ ..... 
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D. Cost and Profit Summaty - Continued 
2. Production Cost per year = $261,a22,o4 x 297 tons/year 
33,297. 
= $2335,37 
Additional product value = Z97 tons X $42/ton 
year 
= $12,474. 
Gross profit = Product value - Product cost 
= 12,474.00 - 2335.37 = $10,138.63 




= 7,0 years • 
I 
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D. Cost and Profit Summary for Sulfur Recovery Plants 
1. Calculation of !.he New Prof'i t of Sulfur Produced in a Two 
Converter System 
Tons sulfur per yes:r = 100 tons/day x 330 days 
= 33,000 tons sulfur per yes:r 
Net profit two eonverter sulfur plant = $539,605.42 per yes:r 
Net profit per ton = $539,605.42/33,ooo = $16.351 
Net profit three converter system 
Tons sulfur per year = 100.9 x 330 = 33,297. 
Net profit three converter sulfur plant= $545,592.94 








D. Cost and Profit Summary - Continued 
2. Production Cost per year = $261,822,04 x 297 tons/year 
33,297. 
= $2335.37 
Additional product value = 297 tons x $42/ton 
year 
= $12,474. 
Gross profit = Product value - Product cost 
= 12,474.00 - 2335.37 = $10,138.63 
Payo-.it time = Additional expense for 
Third Reactor 
( Gross Profit) 
= $?0,950./10,138.63 
= 7,0 years. 
APPENDIX A 
TABULATED COMPUTER DATA 
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~ARIATION 
B U R N E R R EI~ EA T 
ON THEOR·ETICAL 
A IR PERCENT 3 Cv5N V[-RTER S 
• 
~Y._S_T __ E_b.tf c_Q_fjs TAflT~ -f /0/ !I 
REACTOR DEW POINT DE~TA~ 30°F 
CONDENSER ENTRAINMENT ::. 2.o tb.s PS.R . 
. loo MOL4E s GAS El=FL.VEIJT 
M O , S T V R E I N D R Y A I R -=- , · D 2 + M o LJ tE. ·s /M o 1., e.. 
. A I R - A ; Tt' R C O M P R E S $ 1(/) N T £ fY1 P. = Is 9: o • F 
11 11 11 ·PR E s 5. ~ / 8, '/ PS/A 
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APPENDIX B 
EXAMPLE OF COMPUTER PRINTOUT 

e 1'~ 10:3 e 



















FURNACE OPERATING PARAMETERS 
OUTL!t t!MP,F 8~0-D 
CONVERSION OF=lf2S,PERCEN-r-----=-- 64.0 




-- ---- .. ------·-------- ··------





-- ·- -- ==========.::::::=-=--===----·-- - ----------
THEORETICAL AIR,PERCENT 100.0 
FEED TEMP,F 115.0 •-
AIR TEMP 1 E ___ 132-0 _ -------=-=-=------:::-::..:::----~~------




_-,.--·.cc:-·----_--_:-_-.--_-_ ------_----- ~----------- • 
- -- -- -
-- - . 
----- - . - --·---------- -- -- - ------- --
---------------
---
- -- - - - -- -- ---------
·---- ---- --------------
-- -- -- - - --- - - -
• 
AC :~~~~~~tifiaE=~~=~-==?fftITM~--=~~~=-'''7-E~c-~~-?~--=~-;-
-----=-:::c:--=-iQS=-=-. -=---__ =-=-- -_ - =•-=-=~------~EI:.~--=-•--------~---==: ----~36-~~-=-::-~:--;-_·~-=-=-~----- --- --
- ----- -- -· -
- ·- -------
-- --- ---·--------------
=_ =c_:::=_-c'.~ ~~=~-~-- '::: '=c':=-=-- • 
- ------- ----------- -------- -----
---_:-·-:;_---·:=------A~----~------ ------- -- - - :: cc_-=::·-_: __ - 21-;-l,if+:·· - ___ .:__ - --- -=--•·c_--::-:-_-:_·---=5~-q= :::-_ -----_=--=-::..:=~-.. __ -_:-:::-.:-::::__ --
N2 O.O 604.62 
02 a.a 160.12 • 
--- --- - =HL -- -- ----=-=-,-:-:-=--~~-,-=-------------1.~----.-----::-- - -= -- - . ----=-=-====9~-=---==-_:_:_ -=------ ---=--=--::.=·,_:__: - --------- ----~~--- - - -- -------------- - ·--------
~~--: - ---~-----,--------- ::2:.f@= - ----------=--------=n:.0---------------- =- - - ·_:_ -_~;~--=;-=~ 
~~~~i<.~7Ai4~-- - - ... = -_ f--tf!-:. __ .:.==-. -_- ~ --==~·: __ --__ dl __;:o;:::_~----=-~-c:-,-----===--':::,=-----..-.-:.:=--=c-: __ ~'!=-':= -·===~-=-==-~ 
-- ---~TOf:'kt -_ --_-_ _--- ---:3=3=0~-51--·----__ _- -----~-:.::_ ___ --==~==--- ···--·==------· - --- - - ----- --- -- - ---- !. 
POUNDS 10769. 23071.2 g 















-------- -- -·-- -------
- ---------- -------- ··----- ------- --------··-- --
---------- - --·--· ----
--- - ---- --------- - -- -
--- ------· ---------- - -- -
-- -- .. ---------- ---------- -- - -
-- -- ------- - -- -
---- ----------- -- ·---
----- ------
-----~--------- --------
CONDENSER INPUT DATA 
GAS OUTLET TE~P,F LIQUIDS TEMP,F ENTRAINMENT,LBS/lOOMOLS PRESSURE,PSIA • 
-- l - 3 ~ 0 • 0 -- - - 3 4 0 • 0 -. -- 1 • 0 0 __ -_ -----------==-= --==17 , 8---·---·-=----==-__ -__ -=--- -___ -=--=~--=--=-------=-----==-:__ __ · ___ --= =--=-=--=-----------=-~~=--=--=---= _ ~=-~-~- ··=-----------=-- - -_ --==------·~--=--=--=-·-=-- -2 -----340.0 __ --- __ i§Q_Q ______ f .Ou - __ ---- . lo.~¥==== ---------------~--------------~----- --~--
---=-44==~.::. ___ 340. 0 =c=-~-:-__ ---::::':-=- 340.0 ---~-- ____________ { ;oo;.._ -==~--- --=====-t-SiiE=='-_ ------=--~-=~--=------_•=---::..:__:~--== -------~~~= __ _:_:-_:-_::-===:=-.='c--:_:-::--::::=~== • 
-----=i. -------- 2eo. o- -- ------------ -- -2eo. o --- · --------- ------r.ou---- ------ -- -- ---r4 .a=- ------ ------ -- ----- - - - ·_ -- --------------~--- ----~-
REACTOR INPUT DATA 
MIN DE~ PT DIEE,E 
l 30.0 
2 30- 0 _ 
=y==- 3 o .-o--= - -





















• ! tif_'2lil;Yt£il):Of-SUi.PHIII oNFl1o~JeR~ · ··· ···· · · - ·· · 
.,="-~ ~e~- suL~HUR · RECOveReo (100,91 LONG TONS/a.¥ 
01 =··--- ----iI~!fl._--s~ ... ~~~-l~:;-f_~:eo . -103.48 -LONG TONS/OlY---
102.51 METRIC TONS/O~Y 
























FURNACE OUTPUT DATA (AFTER PRO-RATE) 
W~~~T~--:~~~-:~::-~~--~~~~:Ef~~=1~~-_c:,-~-;-~~~=J~-:~~~~,j~~~~~~~~~i~,~~ --
==8~ - - -- -- :·-li11.Z€0 :.:::·_-::-.:_:·c.-~=-:::·:.::-·--~-=--~=;:!t--~20::~:. 
==-:::::_c.:=: .,._..,..so2=---=-·=:_-__ - ----== =- -3~t=f=- -- -2 ~10-
.. 
s 2 9.63 s.oo 
S6 19.39 0.00 
SB .. .. --- . 5.80 Q..-00 ___ . 
~ · -- - · .. -- !5.03 .. ==O:~- _= ___ · - -
B20 - ----- - 299.06 =™9==-~ - --_ ~--
---=·· =M· __ -_- - ~59 ~-
TOTAL 1010.85 65.63 
POUNDS 

























11 ·1.04 SttORT TONS/OAY 

























' .. ---- --- --- -·-- -----------------~~---- - ·--- -- -- - --
·-----·- -· 
.:C'-CC :=::.~~1ffl=_-:.~~:~>~-~~~~::.~~~~=:~-=-.=:.~. ~-=: -:c_-_ 
-- --- - -- -- -- - - --- -- - -- - -- --- - -----
------ - --- - -
·----- ----------- --
CASE NO l. HOT GAS BYPASS FROM FURNACE 
--- - - ----- -- ----- ----- ---- --- - -- - - ---- -- - --
·---------- -----
:,: ~~~~-~~~.· ... ··~1:=lc~~c~%~~:~C~=·.··c-~• 
£-aN·VERSltlflf-Gf.··HM~tt#'J'-- - B'lt~O ---- ··-----·--·- ·- -----··--·--····--- ··-· -·- -· 
THEORETICAL AIR,PERCENT 100.0 
FEED TEMP,F 115.0 
_:_ ·Af~ I EMI! ... f- .1¥1!:Q --- ---· ~-·- . ·=-=- -·· 
~~--~:.===t. ~~· tti:.:OR¥ -M-R~~.~-~~ _ ~.c_::=.;:_~.~=-=c~:-:=c==:;::;:.::--~~~·~- ·_ -· . - -
~-- - -PRESXURE:_;PsiA - -- --· - -. ~r~.=g:,- =----== --- : ._. :_ :=-== 
8¥-Pi\SS tHOT GAS) AT A·OIMh\TIC FLAME TEMPfRAfV.RE 
z --








. -- =·-t'2H.lt. 
l&l'Al 
PUUNOS 
. EftTH.AlPY .BTUS 
CONDENSER INPUT DATA 
GAS OUTLET TE~P,F 
·- l 3ltl,)~:O 
·-·· ·:~~:U:: ·-- - ·-· '::;-~-=- :~ .• ~· £.~ 
--·--- -- - -- ---- --------
























- - _:~--.:._ 
. . : . ·~ -:-c.Jf~:C:··· . 
820.8l 
2 30 71. 2 
,,.,:~5~Jm-.. - -
- ·- - ------------- - - -
--- - --------- -- ----
LIQlJIO S TEMP,F ENTRAINMtNT,LBS/lOOMOLS 
JJtQ.o 
~·~~-··.: 
- - - -- ---- --- -·-·- -
. -:~lt])"~::o=~:· 
-·rfrfriv 
... -_ - -- ___ ,:::l:.-00 -- ------ -·· 
-- -·- ----- -- ---
--'- : ~- ~~~=-----=--===- ~----==f;..~ :-. . . -- . -
-- -·------ - ----·---------- - -
... ~.::.-cc::=--.·==-.·---··--·~ ... 
· - -· - ------ r~oo -· 
MJ fl.. ±1~ ~Pl ;l-J Ff ,£- lNt;.ft IEM!'::ec P-R£ S SUR E , P S I A t,t£il :5:¥£IJ;M-
~--=--=-..._~~L.cj!:_~~ - ·~:i~_.~t . --=-_--:_-.,._.== _,---~· 17 6 ··~•· 
'-··-· .. -=.:.'.~~=· --. ·· ~·=E-;-n.-· :· - :,..::==::=-.:..:-. ···-· --· .=n.:n;.-.·.=. -· -··----·· 16-l,:: -.... '·"·_·-~~~ 







---------- - - ·
-- -- ·-----· - --·- --··--·-- -----------·--------·- --------- -- ··-- - - --
-
- - -· ----- ------------·----·--- ·--------
-----
--·- - ·- -- -- -
---·------
------- --- -· 
. _., - .. - -- - ·- - - "' ... 
- - --- ---- - ·- -- - -- -
-·------------- ------- -
-=---=---- .~,~-·=~--,~~ ~-;;:-;~-~--'~--,~;?~-~ic.-:_=~?t;~/~~-~~~f--_-:~~~=--·--~--~:--~-=---===--~---·~---~~.---:~-==--~-=- ----==--~ .. -__:.::__=--~--:~;~-::-~J~i~~ - -- ·------------- ··-----. --------- --·-.. ----------- -. -------·- ---· - ------- -·-- --- - - - - -- - .. ·- . -· - -- --------- --- -------- ·-
·--- - - -·-- - - --------·---- -- ---·-- -------- - -----------------
---------- - ___ -_ ---
- - ----
--- - -- -----· ---
-- -·- -- -- . 
------- --- -----




---- -- - --
- ---- ·--
----------------·---------- - ·---------- -
p~ /03 
-·-












·- - ------- -- . - ·---- ·-· .-.. ···-···:---. 9 ---·-···-- --------·---------- - --- --- -----·----- ----- ----- -·--·----------------·-- -----·------· ----- ----- -
------·--------------- - --- ----- ----- --·-··---·- - ------- .. -------------~·----- ---
------------ -----· 




·-------- --· ·- -
\ r--::=_- --.::-.=-==::--_____ ·---- ---------··-----···-·-~····-·--------:...-=====--- --------------- -- -
-·--- --···- --- --- ·--·---··-----------· -----··· - --·----·--- -------------------
.. ,._-_ ...---.-=- ·---=--=--=---=----··----·---
- ------------·--
-----------·-··----- .----= 
----- ------·--------- - -- ----- - ----- ---·-- --·--
_-_ ::::::.cc~:=~ - - -- ·-·- 8 ' ~--==----==--:--=- -- ---- - ·-- -- ·- ----·-·----------··--·- ----· -- -----· --- - --
- ··- - - - ---- ----·--- -
----
- -- ----- --- -----
·--------·---------------------------- -- ----
- -·- ----- -·- ------·-------- --------
- ----·- --- ---
----- -- -- - · -











NET YIELO Of SULPHUR ON 
NET SULPHUR RECOVERED 
TOTAL SULPHUR IN FEED 
97 .5"1-
( 100.93 LONG TONS/DAY 
103.48 LONG TONS/-O~Y 
!I c: _-___ -
TOTAL LIQUID SULPHUR (SIJ PRODUCED 294.38 MOlS 
102.53 METRIC TONS/D~Y 
-- l--Q--5.-12 METR--IC- TON-S/UA Y 
_"1=9420. 0 POUNDS 
-












































---- -- ----- ... 
liOT-- G-M--:-fi Y P-A~S 
iffif.S 















- - ,_-~1~·sit -
- - 1:-3·3-6-.-8-
- ------ . -- -- ... ·- -
- - - -· - --- -- - - - .. - - ------ - - -- - -- - -
---- ------- --------- -·-· ---·------- ---------- ----
-- --- ··--- --- -- --- - - - -- ---
- --- ·------- - -- --- -----
--- -
---- -- - -
------------- ----------- -- ------- --------
- -- - - - ----- -- -------------------------·--------
-- --- -- ---·-- ----- ------------- -----------------
- -- -- ---------- --------- ----·-·--------------- ---------
--------- ------ ---------------- ----
-- ------------------ --
-- --- ---- - .. -- - -- - --- --- -- -- ··-- - -
-- - - - ------ ---- ---- --- - - - - ---- - -
----- - -- ---- -- -------
- - - - -
-- -- - - --- -
- - - --
- - --------·------ -- -------------- -------------------
- - - - - ------ - --- ---
----------
- -- -- -- ----·------------------··----·--·--·-·-·-·-------
- ---- -- ----- ------------·---
- - - ---------
- ------------- ----·--- --------------- --- -···· 
----- - __ -__ --- - __________ ....:__  ____:__ __ ----
- -- -----·--- ----- --- - ---- --- - - --- -
-----------------~---------------- --- - -
-· -- --- . ------- -------- - -- ---
- - --·- -- -
---- ------- -- - ---·--- --- ··--· 
------· -- ----------- -----·---· ----- -·- ·---·-----·- ------- - . - - --------
--
----- ------- -- ------- --- ----------- - ----·----- -~-- - -------~ -- -- --
------ -------- - --- -------- -----·---- -------
-- - -- --- - .. -- -- - . --- ---·-- .. -
-- .. --- - --- --- - --
- -- -----·------·---- ---------------------------------- - --
-~-------- --- . ---------- --- ------·--- --·· - - ------·- -
---------- ------
113.04 SHORT TONS/DAY 
il5.90 SHORT TONS/DAY 
·-----·-··· --··-------·--··--- ---------·----------- -------- ·- -·--- -- --·---
----- ---------· ---~-- -·-- ----------
-
-
---- - =- ===------- --__ -----------··---- -- -···- --- ------ --· -- -- . -----------------------------------
-----·· -------------------··-· 
----- --




































f ' \ ---
































ACIC GAS AD I AB AT IC FL AME TE t-' PER A TlJ RF 
AT SPECIFIED r2S CONVERSION 2462.6 
AT ZERO H2S CCNVERSION 2547.6 
HOT GAS FACTOR= 0.0615 
PRORATICN FACTOR= 0.9421 
FURNACE tFFLUENT COCLING CURVE 
















AUX ftl~N OR BY-PASS 















- - . ------ -··- -
-- --------- ---
--------------·- ---· -· --------=- - . ~-- _:_:_·=...:----=----=---
·-· -----··------------ -- - -- - --
- - ----------·---- ··-------------- -· --
---·-------- --···---
--- ------·----- ·-·----------- --·--·- - - -- -- -- -- ------ --·. - --
- - ------------- ·-- -------·-----~--------·----- -- - ··-- --------- .. -( ---------- -- -- --_·_- ~-----=-~~---::- :.. . ....::-~~~:~:.--=-------=-· -~~- - --- -----·· -----.. -_:_--------------=-=---·---=---::-:- ------ .:..:... ~~------==--·--·- _: __________ _ 
. - - ------ - - ------ - - -- . - __________________________________ ,,_, _______ . 
----~------- ----- -- ----- - - -----
~--- ------- --- ------·- ------------- -- - --- ---
__ :-=.:...:-=-- -- -- . -















5 - ~ 
4 
:_:_:: 3 
- .. 2 ' 
-----















CONDENSER/REACTOR NO l 
STREAf'J. CO~PCSITICNS,~OLS 























































E~TRAIN~ENT OF SULPHUR IN CONDENSER EFFLUENT IS SHOWN AS S2 EQUIVALENT 
CONCENSl:K CATA 
GROSS UUTY,RTLS 
SfNSIBlE HEAT BASIS 
OUTY.BTUS 






LIQUIC SULPHU~ (Sll RECCVERED 176.97 tJ,OLS 5663.l POUNDS 
R~ACTOR INTERNAL 











CONVERSION OF HZS STRfAM TE-f"P;F OEW POlNTt F 
405.9 363.7 
426.2 396.2 






__ .. .:;~~46~~-c- . _·-_--- __ - - _ . :_ ==~~ 




















----- ---- ----·------ -
--·----- -----·------------------ ----- -- --------------
------- - ------------. -~----------
- --·-- --- -
---- ---- - --- - -
---
-
. -- -- -· - --- --- -
-· ------
----=- -====--==--==~------==---·=-=-== - -- - -- _--- -~ - -
--~------
--- --- -----~ - ----
----- ----- --··- -- -- - -
------- -- - --











































- ----- --- - ---- - - ·-----·------ - ·-
·-· .. - ----·--------- ----- -- ----·--
------- --- ----- -·- --- - - --- - --- - ---- ---- --
---- --··------------------·····- -- ---~·----- ----·--·----. 














--~ ---==----=--=~· .~- - ~~= - - -- - - - - -- - . . .. - l 
v . (i C, 
') 
L 














CONDiNSER/REAt-lOR ~O 2 
STREAM COMPOSITIONS,MOLS 



















_8.16 ~ -_ 
0.15 Sff NOTE 






















ENTRAIN~ENT Of SULPHUR IN CONDENSER EFFLUENT IS SHO~N AS S2 ECUIVALfNT 
CONOE~SER OATA 
GROSS DUTY,BTLS 
SENSIBLE HEAT RASIS 
DUTY,BTUS 



















CONVER-SION OF H~5 S-TR-E-A-M-TB+P,-f-- OEW P6-HH-,f 
a.a 404.2,,<~ 362.0 
10.0 409.6 372.7 
20.-0 - - - ---- - 4_l:_5~_Q ------ - --- - -- · ~&-1--.-5 
" -------·--
~:fl.ll-: _______ -_ _cc~--~--= ~ - :c-,~_m--~~-:~: __ ·· _ _ _ - l~-liJLc 40.-0· - .:: _ =.::=_--:_~-- .::· --=-~~ .. :g::.= - = - =...,.-----: - Jlj:5;3 
-5-0.-0- --------- --------4-3+-n - - ------- -- ---~ --
60. 0 436.5 406.2 
67.3 440.4 409.6 
-
-- -- ---
--- ---- --- -- -----------· 
- - -------- -·· 
--·------------------------ .- --- ·-
-- - =------=-:- --~~-. -=--=-~==--=-- ------ --~~ -_ :~--=--==~==-=--~- - -. - --. --- --- - ----- ------ ----- -- --- :.... ______ :.. __:__ --
----------- ------- ----
-
----=--== - - . -- - --- . - --------
- -- ----·-- -_ -
- - ·-
- - -----
- ·c-= =:·==:=----== -==·cc-::,-_-·_=---._.-=:,=---::.:= __ -==:===== 




-- -- ------------------ -- ---- -
-· --- --- -~-











-- - - -_-,--__ - - :=,---: ___ =_c-_-_ -_-__ -_-_-___ --~-----=-=----=----_ -.c:..--=:c.--=---· __ --:~~ _---::::- c:::· -=-
-------~-- ---- --- - ------ ---- - -·-------- - --
- --- -- -- - -- ---------- ----··----- ---------------------------------
' 
- --- .. ·-- ·-- -- - .--- --- .. - -





























- ····--- - - -
--- - -
--- ----------
t· /0 7 
--












































1' ... --- -.. 
(' 
- . 























,z .... 91. 
o.;15 SEE-. NOTE 




































EN TR Al N~ENT OF SULPHUR IN .CONOENSf,R 6FFLUfNT t S SHOWN AS S2 EQUl VALENT 
CONCENSER DATA 
GROSS DUTY,BTCS 
SENSIBLE HEAT BASIS 
DUTY,BTUS 
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COMPONENT CONDENSER FEED EFFLUENT 
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mTIMATION CF OVERALL sISTEM PRP:3SQRE DROP 
In Table XII will be found an estimate for the overall pres-
sure drops of a. two and three converter hot bypass gas system which 
has been axtended to the other three cases. The Wormation found in 
the table below also contain an estimate of the pressure drops for the 
major pieces of p1"0cess equipment. This information was supplied by 
Mr. William Devin, m in the Process Plants Division of the Foster 
Wheeler Corporation. These estimates are typical values in the pre-










OVERALL SYSTEM PRE§SURE DROPS 

























••• inlet pressure = 14,7 + 3,25 = 18,0 psia 
to plant 
inlet pressure = 14,7 + 4.20 = 18,9 psia 
to plant 
-115 
BLOWER CAicyLATION CF INLET AIR TEMPlf,ATORE 
Calculation of inlet air temperature are based on a 75i re-
versible adiabatic single stage compressor. 
(1) - Ws = A. H 
(2) • 75 b. H 
(3) 
Generally enthaply is both a function of temperature and 
pressure. However in this case we will assume it is a function of 
temperature only, since the pressure variation is small. 
Calculations for Two Converter System 
Assume ambient air 9 lOOoP' 
= 
v1 = 408 rt3/I mole 
T1 = 100 + 460 = 560°F 
(1 mole) ( 10.731sia ft3) (560oR) 
I 1T10 e OR 
-ll6 
Substituting into Equation (2) yields 
= (.75)(6.95 BTU ) (Tf -560.) 
#mole°F 
The inlet air temperature for a three converter system based on initial 
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